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57 ABSTRACT 
An angle measuring device operating without a gradu 
ated board and of a type including a disc rotating a 
constant speed having a reference point fixed on the 
housing of a disc, an angle measuring arm concentric 
with the disc and rotatable, and a measuring point pro 
vided on the arm. In accordance with the invention, the 
ratio of an angle measuring time required for the disc to 
turn from the reference point to the measuring point to 
a one-revolution time of the disc is multiplied by 360 to 
obtain an angle which is determined by the reference 
point, the center of the disc and the measuring point. 
This is effected with an angle measuring time integrat 
ing device for integrating data points corresponding to 
one-revolution time for each revolution of the disc, and 
an arithmetic unit for calculating a measured angle 
according to the ratio of the integrated value of the 
angle measuring times to the integrated value of the 
one-revolution times after the disc has made a predeter 
mined number of revolutions. 
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1. 

ANGLE MEASURING DEVICE 

BACKGROUND OF THE INVENTION 

This present invention relates to an angle measuring 
device operating without a graduated board. 
An example of an angle measuring device operating 

without a graduated board is disclosed in Report ETL 
TR-1 (1972.1) of the U.S. Army Engineer Topographic 
Laboratories and is well known in the art. FIG. 1 is a 
plan view of the device, and FIG. 2 is a sectional view 
taken along a line II-II in FIG. 1. In this device, a 
rotary disc 10 together with shafts 11 and 12 and a base 
13 is rotated by a motor (not shown). The rotary disc 10 
has a slit 15. In FIG. 1, reference character O designates 
the center of rotation of the disc. 
A first reference point 21 is fixedly provided on a 

housing (not shown). A light-emitting element 21a and 
a light-sensing element 21b are fixedly provided at the 
position of the first reference point on the housing on 
both sides of the disc 10. The slit 15 passes between the 
elements 21a and 21b while the disc is rotating. A sec 
ond reference point 22 is provided on the housing with 
the points 21 and 22 being positioned symmetrically 
with respect to the center of rotation O. A light-emit 
ting element 22a and a light-sensing element 22b are 
disposed at the position of the second reference point 22 
on the housing with the elements 22a and 22b being on 
both sides of the disc 10 and with the slit 15 passing 
between the elements 22a and 22b while the disc is 
rotating. 
An angle measuring arm 30, rotable around the point 

O, has a first measuring point 31 at one end. A light 
emitting element 31a and a light-sensing element 31b are 
fixedly provided at the position of the first measuring 
point 31 on the arm 30 on both sides of the disc 10. The 
slit 15 passes between the elements 31a and 31b while 
the disc is rotating. A second measuring point 32 is 
provided on the arm 30 is such a manner that the first 
and second measuring points 31 and 32 are positioned 
symmetrically with respect to the center of rotation O. 
A light-emitting element 32a and a light-sensing ele 
ment 32b are fixedly provided at the position of the 
second measuring point on the arm 30. The slit 15 passes 
between the elements 32a and 32b while the disc 10 is 
rotating. 

In FIG. 1, an angle A is formed by a straight line 
passing through the first reference point 21 and the 
center of rotation O and a straight line passing through 
the first measuring point 31 and the center of rotation O, 
and an angle B is formed by a straight line passing 
through the second reference point 22 and the center of 
rotation O and a straight line passing through the sec 
ond measuring point 32 and the center of rotation O. 
An angle between two objects can be measured with 

the above-described device as follows: First, the center 
O is made to coincide with the position where the angle 
is to be measured. Then, the first reference point 21 is so 
set that the first object is on an extension of line passing 
through the point O and the first reference point 21. 
Thereafter, the first measuring point 31 is so set that the 
second object is on an extension of a line passing 
through the point O and the first measuring point 31. In 
other words, the arm 30 is turned so that the second 
object is on the extension of the line passing through the 
point O and the point 31. 
FIG. 3 is a block diagram showing a signal processing 

circuit used in the above-described angle measuring 
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2 
device. An angle measuring counter 41 counts the out 
put pulses from an oscillator circuit 43 for a period of 
time which elapses from the time instant that it receives 
the output signal of the first reference point light-sens 
ing element 21b until it receives the output signal of the 
first measuring point light-sensing element 31b. A one 
revolution counter 42 counts the output pulses of the 
oscillator circuit 43 for a period of time which elapses 
from the time instant that it receives one output signal 
of the first reference point light-sensing element 21b 
until it receives the next output signal of the same ele 
ment 21b. In an arithmetic circuit 44, the ratio of the 
number of pulses counted by the counter 41 to the num 
ber of pulses counted by the counter 42 is multiplied by 
360 to calculate the angle A. While the disc 10 makes 
a first revolution, the counters 41 and 42 operate as 
described above, and while the disc 10 makes the next 
revolution, the arithmetic circuit 44 performs the 
above-described calculations. This operation is repeat 
edly carried out. In other words, the counting opera 
tions are carried out for odd-numbered revolutions of 
the disc 10, and the calculations are carried out for 
even-numbered revolutions of the disc 10. When the last 
counting operation and the last calculation have been 
achieved, the resultant data points B are averaged. 

However, sometimes the center of rotation of the disc 
10 may not coincide with the center of rotation of the 
arm. 30. In this case, a measuring angle error (eccentric 
error) arises. In order to correct such eccentric error, a 
so-called "180' opposed reading method' is employed. 
In accordance with that method, the angle A is mea 
sured by using the first reference point 21 and the first 
measuring point 31 as described above, similarly the 
angle B is measured by using the second reference point 
22 and the second measuring point 32 which are respec 
tively opposed to the first reference point 21 and the 
first measuring point 31, and the average value of the 
angles A and B is obtained to correct the eccentric 
eO. 

The above-described method suffers from a draw 
back that a relatively long time is required for the mea 
surment. During one revolution of the disc 10 the angle 
measuring counter 41 and the one-revolution counter 42 
count the numbers of pulses corresponding to given 
angles, and during the next revolution of the disc 10 the 
arithmetic circuit 44, receiving the outputs of these 
counters, performs the above-described calculations. 
That is, in order to measure the angle A once, it is neces 
sary to cause the disc 10 to make two revolutions. If the 
above-described cycle is repeated ten times with the 
stability of the motor used to rotate the disc 10 taken 
into account, then 20 revolutions of the disc 10 are 
required. If the above-described operation is performed 
for the angle B also to correct for the eccentric error, it 
is required to cause the disc 10 to make 40 revolutions. 
Thus, in the conventional method, the time required for 
angle measurement is relatively long. 

In view of the above-described difficulties accompa 
nying a conventional angle measuring device, an object 
of the invention is to provide an angle measuring device 
operating without a graduated board in which the time 
required for angle measurement is relatively short. 

Further, the above-described conventional device 
suffers from a problem that sometimes the measured 
angle is incorrect. This will be described in more detail. 
In order to measure the angle A, the disc 10 is rotated. 
More specifically, the angle is calculated from a time 
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required for the slit 15 to reach the light-sensing ele 
ment 31b from the light-sensing element 21b during the 
rotation of the disc 10. Accordingly, in the case where 
the angle A is near 0°, the slit 15 passes the light-sensing 
element 31b immediately after it has passed the light 
sensing element 21b, and therefore the output pulse of 
the light-sensing element 31b should rise immediately 
after the output pulse of the light-sensing element 21 has 
risen. However, in practice, sometimes the order of 
rising of the two signals is reversed because of small 
variation of the two pulses. In such a case, the angle A 
is determined to be about 360 upon processing the 
signals. On the other hand, although an angle may be 
near 360, it may be determined to be about 0. Thus, 
not only when an angle of about 0 is measured will the 
measured value be incorrect as described above, but 
also when an angle is repeatedly measured to obtain the 
average value, the result may be incorrect. 

In view of the foregoing, another object of the inven 
tion is to provide an angle measuring device operating 
without a graduated board, in which, when an angle of 
about 0 is measured, the results of the measurement is 
correct. 

Further, in the above-described conventional device, 
an angle 6 is formed between a straight line passing 
through the reference point 21 and the central point O 
and a straight line passing through the measuring point 
31 and the central point O. 
The above-mentioned Report discloses the study of 

an eccentric error (which is an angle measurement error 
due to the fact that the center of rotation of the disc 10 
deviates from the center of rotation of the angle measur 
ing arm 30) and described a so-called "180 opposed 
reading method' used to correct the eccentric error. 
However, even if such a method is employed, the ec 
centric error may still not be sufficiently corrected. 
FIG. 4 is a timing chart for the above-described con 

ventional angle measuring device. When the slit 15 of 
the disc 10 passes through the reference point 21, a 
reference point pulse is produced by the light-sensing 
element 21b, and when the slit 15 passes through the 
measuring point 31, a measuring point pulse is generated 
by the light-sensing element 31b. A period of time be 
tween the rise of the reference point pulse and the rise 
of the measuring point pulse is referred to as a first time 
T1, and a period of time between the rise of a reference 
point pulse and the rise of the next reference point pulse, 
i.e., a period of time for the disc 10 to make one com 
plete revolution, is referred to as a one-revolution time 
T3. 

In the above-described conventional device, the 
angle 6 can be obtained from the following expression: 

8 (degree)=(T/T3)x360". 

However, the conventional device suffers from a 
drawback in that when the center of the disc 10 is 
shifted from the center of rotation of the angle measur 
ing arm 30, the measured angle value includes an eccene 
tric error. In case where the center of the disc 10 is 
shifted from the center of rotation of the arm 30, the 
large area of the light-sensing element 31b receives the 
light beam from the light-sensing element 31a when the 
slit 15 comes closest to the light-sensing element 31a as 
shown in FIG. 5A, and the small area of the light-sens 
ing element 31b receives the light beam when the slit 15 
comes closest to the light-sensing element 31b as shown 
in FIG. 5B. Accordingly, when the center of the disc 10 
is not shifted from the center of rotation of the arm 30, 
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4. 
the waveforms of the pulses are as indicated by the solid 
lines in FIG. 4. However, when the center of the disc 10 
is shifted from the center of rotation of the arm 30, the 
waveforms of the pulses are as indicated by the broken 
lines in FIG. 4. 
As is apparent from FIG. 4, the first time T1 in the 

case where the center of the disc 10 is not shifted from 
the center of rotation of the arm 30 is different from the 
first time T1--a in the case where the center of the disc 
10 is shifted from the center of rotation of the arm. 
Thus, in the latter case, the measured angle value in 
cludes an eccentric error. 

In other words, in the case where the center of the 
disc 10 does not coincide with the center of rotation of 
the angle measuring arm, depending on the position of 
the arm on the circumference, the position of passage of 
the slit 15 is changed in the optical path from the light 
sensing element 31a to the light-sensing element 31b 
(the position of the slit 15 in FIG. 5A being different 
from that of the slit 15 in FIG. 5B), and therefore the 
output of the light-sensing element 31 is changed. Be 
cause of this phenomenon, in the conventional device, 
eccentric error is not sufficiently corrected. 

In view of the foregoing, another object of the inven 
tion is the provision of an angle measuring device oper 
ating without a graduated board in which, even when 
the center of the rotary disc is shifted from the center of 
rotation of the angle measuring arm, the measured angle 
includes no eccentric error. 

SUMMARY OF THE INVENTION 

The foregoing and other objects of the invention 
have been achieved by the provision of an angle mea 
suring device which includes a disc rotating at a con 
stant speed, a reference point fixedly provided on the 
housing of the disc, and an angle measuring arm con 
centric with the disc and rotatable, and a measuring 
point provided on the arm, wherein the ratio of an angle 
measuring time required for the disc to turn from the 
reference point to the measuring point to one-revolu 
tion time required for the disc to make one revolution is 
multiplied by 360 to obtain an angle which is deter 
mined by the reference point, the center of the disc and 
the measuring point. According to the invention, this 
technique is implemented with an angle measuring de 
vice including angle measuring time integrating means 
for integrating data corresponding to the angle measur 
ing time every revolution of the disc, one-revolution 
time integrating means for integrating data points corre 
sponnding to the one-revolution time every revolution 
of the disc, and arithmetic means for calculating a mea 
sured angle according to the ratio of the integrated 
value of the angle measuring times to the integrated 
value of the one-revolution times after the disc has 
made a predetermined number of revolutions. 

Also, objects of the invention have been achieved by 
the provision of an angle measuring device which in 
cludes a disc rotating at a constant speed, a reference 
point for the disc fixedly secured to the housing, a refers 
ence region including the reference point, an angle 
measuring arm concentric with the disc and rotatable, 
first and second measuring points provided on the arm 
positioned symmetrically with respect to the center of 
rotating of the arm, arithmetic means for multiplying 
the ratio of an angle measuring time required for the 
disc to turn from the reference point to the first or 
second measuring point to one-revolution time required 
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for the disc to make one complete 360 revolution, 
determining means for determining whether or not the 
first measuring point is in the reference region, change 
over means for switching between measuring opera 
tions in such a manner that when the first measuring 5 
point is in the reference region a period of time required 
for the disc to turn from the reference point to the sec 
ond measuring point is measured and when the first 
measuring point is out of the reference region a period 
of time required for the disc to turn from the reference 
point to the first measuring point is measured, and mea 
sured angle correcting means for subtracting 180’ from 
a measured angle when the first measuring point is in 
the reference region. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view showing a conventional angle 
measuring device; 
FIG. 2 is a sectional view taking along a line II-II in 

FIG. 1; 
FIG. 3 is a diagram showing the arrangement of a 

conventional angle measuring device of FIGS. 1 and 2; 
FIG. 4 is a timing diagram relating to the device of 

FIGS. 1 and 2; 
FIG. 5A and 5B show the structure of light-emitting 25 

and light-sensing elements in the device of FIGS. 1 and 
2; 

FIG. 6 is a diagram of a first embodiment of an angle 
measuring device constructed in accordance with the 
invention; 
FIG. 7 is a timing diagram relating to the embodi 

ment of FIG. 6; 
FIG. 8 is a diagram showing the arrangement of 

another embodiment of angle measuring device of the 
invention; 
FIG. 9 is a detailed diagram of the device of FIG.8; 
FIG. 10 is a flow chart relating to the device of 

FIGS. 8 and 9; 
FIG. 11 is a waveform diagram relating to the FIGS. 

8 and 9; 
FIG. 12 is an explanatory diagram showing the ar 

rangment of a further embodiment of an angle measur 
ing device of the invention; 
FIG. 13 is a detailed diagram of the device of FIG. 

12; and 
FIG. 14 is a timing diagram relating to the device of 

FIG. 12 and F.G. 10. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The invention will be described with reference to 
preferred embodiments shown in the accompanying 
drawings, in which like parts are designated by like 
reference numerals or characters. 
FIG. 6 is a block diagram showing a first embodiment 

of an angle measuring device according to the inven 
tion. In FIG. 6, an angle measuring time integrating 
circuit 51 integrates data corresponding to an angle 
measuring time every revolution of the disc 10. While 
the disc 10 is making one revolution, the slit 15 of the 
disc 10 passes through the first reference point light 
sensing element 21b and the latter provides an output. 
For a period of time which elapses from the time instant 
that the light-sensing element 21b provides the output as 
described above until the slit 15 passes through the first 65 
measuring point light-sensing element 31b, the integrat 
ing circuit 51 counts the output pulses of an oscillator 
circuit 43. While the disc 10 is making the next revolu 
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tion in the integrating circuit the present count value is 
integrated with the preceding count value. This opera 
tion is repeatedly carried out. 
A specific example of the integrating circuit 51 in 

cludes a flip-flop for providing an output during the 
period of time between the rise of the output pulse of 
the first reference point light-sensing element 21b and 
the rise of the output pulse of the first measuring point 
light-sensing element 31b, an AND gate receiving the 
output of the flip-flop and the output of the oscillator 
circuit 43, and a counter for counting the output pulses 
of the AND gate. 

Further in FIG. 6, a one-revolution-time integrating 
circuit 52 operates to integrate data corresponding to 
the one revolution time of the disc; that is, it operates to 
integrate the output pulses of the oscillator circuit every 
revolution of the disc 10. 
A specific example of the integrating circuit 52 in 

cludes a flip-flop for providing an output during the 
period of time between the rise of an output pulse of the 
light-sensing element 21b and the rise of the next output 
pulse of the same element 22b, an AND gate receiving 
the output of the flip-flop and the output of the oscilla 
tor circuit 43, and a counter for counting the output 
pulses of the AND gate. 
An arithmetic circuit 61 in FIG. 6, which operates to 

calculate a measured angle according to the ratio of the 
integration value of angle measuring times provided by 
the measuring angle time integrating circuit 51 to the 
integration value of one-revolution-times provided by 
the one-revolution-time integrating circuit 52, operates 
after the disc 10 has made a predetermined number of 
revolutions. 

Further in FIG. 6, a counter 62 counts the output 
pulses of the first reference point light-sensing element 
21b to detect the number of revolutions of the disc 10. 
The counter 62 outputs a signal to start the arithmetic 
circuit 61 when the number of revolutions thus detected 
reaches a predetermined value. 
The operation of the angle measuring device accord 

ing to the invention will be described with reference to 
a timing chart of FIG. 7. 
The motor is started by turning on the power switch. 

When the speed of the motor has been stabilized, a 
measuring button (not shown) is depressed. The number 
of revolutions which have been made by the disc 10 
after the depression of the measuring button are indi 
cated in the uppermost part of FIG. 7. The oscillator 
circuit 43 outputs pulses at all times. During the first 
revolution of the disc 10, the measuring angle time 
integrating circuit 51 counts the output pulses of the 
oscillator circuit 43 for the period of time between the 
rise of the output pulse of the first reference point light 
sensing element 21b and the rise of the output pulse of 
the first measuring point light-sensing element 31b. 
During the same revolution, the one-revolution-time 
integrating circuit 52 also counts the output pulses of 
the oscillator circuit 52. 

During the second revolution, the integrating circuit 
51 counts the output pulses of the oscillator circuit 43 
for the period of time between the rise of the output 
pulse of the light-sensing element 21b and the rise of the 
output pulse of the light-sensing element .31b while 
adding to the count the preceding count value. On the 
other hand, during the same revolution, the integrating 
circuit 52 counts the output pulses of the oscillator 
circuit 43 while adding to the count the preceding count 
value. 
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When the disc 10 has made a predetermined number 
of revolutions while the above-described adding and 
counting operations are carried out, the adding and 
counting operations are ended. At that time, the counter 
62 applies a trigger signal to the arithmetic circuit 61 to 
cause the latter to carry out a calculation for obtaining 
a measured angle according to the ratio of the integra 
tion value of the angle measuring times to the integra 
tion value of the one-revolution-times. In other words, 
in the arithmetic circuit 61, the count value of the inte 
grating circuit 51 is divided by the count value of the 
integrating circuit 52 and multiplied by 360. 

Accordingly, in the case, for instance, where the 
angle A is measured ten times and the average value of 
the measured angle values is obtained, the measurement 
can be accomplished merely by ten revolutions of the 
disc 10. Thus, the measurement time is short as a whole. 
On the other hand, in the conventional device, when 
the angle A is measured ten times, it is necessary to 
cause the disc 10 to make twenty revolutions. It can be 
understood from this fact that, in the device of the in 
vention, the measurement can be achieved in a short 
time. 

In order to practice the 180' opposed reading 
method, the angle B is also measured similarly to the 
case of the angle A. It is apparent that in this case the 
measurement can be achieved in a short time. The angle 
measuring time integrating circuit 51 and the one-revo 
lution-time integrating circuit 52 may be modified if the 
same effects can be obtained. The number of revolu 
tions of the disc 10 may be selected as desired. The 
counter 62 and the arithmetic circuit 61 may be imple 
mented with devices such as microcomputers. That is, 
instead of the counter 62 and the arithmetic circuit 61, 
microcomputers having the same functions may be 
used. 
As is apparent from the above description, the angle 

measuring device operating without a graduated board 
according to the invention has an effect that the mea 
surement time is reduced. 
FIG. 8 is an explanatory diagram showing the ar 

rangement of another embodiment of an angle measur 
ing device according to the invention. In FIG. 8, a disc 
10 rotating at a constant speed, reference points 21 and 
22, and angle measuring arm 30 and measuring points 31 
and 32 are the same as those in FIG. 1. A reference 
region 50 may include the reference points 21 and 22; 
however, in this embodiment, it includes the first refer 
ence point 21. An angle determining device 2 operates 
to determine whether or not the first measuring point 31 
is in the reference region 50. An arithmetic unit 4 oper 
ates to multiply the ratio of an angle measuring time 
required for the disc 10 to turn from the reference point 
21 or 22 to the measuring point 31 or 32 to a one-revolu 
tion time required for the disc 10 to make one complete 
360 revolution. A change-over switch 3 operates to 
change measuring operations in such a manner that 
when the first measuring point 31 is in the reference 
region 50, a time required for the disc 10 to turn from 
the reference point 21 to the second measuring point 31 
is measured and when the first measuring point 31 is out 
of the reference region 50, a time required for the disc 
10 to turn from the reference point 21 to the first mea 
suring point 31 is measured. A correcting circuit 5 oper 
ates to subtract 180 from a measured angle when the 
first measuring point 31 is in the reference region 50. 
FIG. 9 is a block diagram showing a specific example 

of the angle measuring device according to the inven 
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8 
tion. First, the measurement of the angle A in FIG. 1 
will be described. In FIG. 9, a multiplexer 71 operates 
to multiplex one of the output signals of the light-sens 
ing elements 21b and one of the output signals of the 
light-sensing elements 31b, thus combining two lines 
into one line. The multiplexer 71 has a terminal a for 
providing the output pulse of the reference point light 
sensing element 21b or 22b, and a terminal b for provid 
ing the output pulse of the measuring point light-sensing 
element 31b or 32b. 
An angle measuring pulse generating circuit 72 in 

cludes a flip-flop used to generate a pulse the duration 
of which is equal to the period of time between the rise 
of the output pulse of the first reference point light-sens 
ing element 21b and the rise of the first measuring point 
light-sensing element 31b. A one-revolution-angle pulse 
generating circuit 73 includes a flip-flop used to pro 
duce a pulse the duration of which is equal to the period 
of time between the rise of an output pulse of the first 
reference point light-sensing element 21b and the rise of 
the next output pulse of the same element 21b. The 
circuits 72 and 73 have the output terminals c and d, 
respectively. 
An angle measuring counter 75 operates to count the 

output pulses of an oscillator circuit 74 while the pulse 
generating circuit 72 is providing its output. The 
counter 75 integrates not only pulses during one revolu 
tion of the disc 10 but also the pulses during several 
revolutions of the disc 10. A one-revolution-angle 
counter 76 operates to count the output pulses of the 
oscillator circuti 74 while the one-revolution-angle 
pulse generator circuit 73 is providing its output. The 
counter 76 integrates the pulses during several revolu 
tions of the disc 10. 
A microcomputer 77 determines whether or not the 

first measuring point 31 is in the reference region 50 and 
multiplies the ratio of an angle measuring time required 
for the disc 10 to turn from the first reference point 21 
to measuring point 31 or 32 to the one revolution time 
required for the disc 10 to make one complete revolu 
tion. The microcomputer 77 further functions to drive 
the multiplexer 71 in such a manner that, when the first 
measuring point 31 is in the reference region 50, a time 
required for the disc 10 to turn from the reference point 
to the second measuring point 32 is measured, and when 
the first measuring point 31 is out of the reference re 
gion 50, a time required for the disc 10 to turn from the 
reference point to the first measuring point 31 is mea 
sured. The microcomputer 77 performs a measured 
angle correcting function by subtracting 180 from a 
measured value when the first measuring point 31 is in 
the reference region 50. 
FIG. 10 is a flow chart for a description of the opera 

tion of the device shown in FIG, 9. 
When the power switch is turned on, the motor is 

activated to rotate the disc 10. Under this condition, a 
measuring button is depressed to detect the position of 
the first measuring point 31. That is, the angle A is 
roughly measured for a period of time required for the 
slit 15 to move from the first reference point 21 to the 
first measuring point 31. Next, it is determined accord 
ing to the angle A thus measured whether or not the 
first measuring point 31 is in the reference region 50. 
When the first measuring point 31 is in the reference 
region 50, a period of time for the disc to turn from the 
first reference point to the second measuring point 32 is 
measured. That is, under an instruction from the mi 
crocomputer 77, the multiplexer 71 operates to provide 
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the output pulse of the first reference point light-sensing 
element 21b at the terminal a and to provide the output 
pulse of the second measuring point light-sensing ele 
ment 32b at the terminal b. When the first measuring 
point 31 is out of the reference region 50, the multi 
plexer 71 operates to provide the output pulse of the 
first reference point light-sensing element 21b at the 
terminal a and to provide the output pulse of the first 
measuring point light-sensing element 31b at the termi 
nal b. 
When the operation described above has been carried 

out, the pulse generating circuits 72 and 73 output pulse 
(at the circuit points c and d) having durations as shown 
in FIG. 6, respectively. For instance, when the mea 
surement is repeated ten times, ten data points are inte 
grated. The number of pulses integrated by the angle 
measuring counter 35 is divided by the number of pulses 
integrated by the one-revolution-angle counter 76, and 
the result of division is multiplied by 360". 

Thereafter, only when the first measuring point is in 
the reference region 50 is the measured value corrected 
by subtracting 180’ from it. The measured angle thus 
obtained is displayed on the display unit. 

Accordingly, in the case where the angle A is about 
0, the number of pulses counted by the angle measuring 
counter 75 is that corresponding to about 180 at all 
times, and it will never be a number of pulses corre 
sponding to about 0 or about 360°. Therefore, the mea 
sured angle is accurate, and the angle measuring device 
of the invention, unlike the conventional angle measur 
ing device, is free from the problem that the measured 
angle is not accurate. 

In the angle measuring device in FIGS. 9 and 10, the 
angle A is measured a plurality of times. However, the 
technical concept of the invention can be applied to the 
case where the angle A is measured only once. In that 
case, the angle measuring counter 75 and the one-revo 
lution-angle counter 76 may be devices which do not 
perform integration. Accordingly, in this case, the step 
of data integration can be omitted from the flow chart 
of the FIG. 10. In addition, the width of the reference 
region 50 can be set as desired. 
The period of time of a parth of the waveform of the 

pulse at the circuit point c in FIG. 11 which is at the low 
level may be utilized to perform the following opera 
tion: During that period of time, data corresponding the 
angle between the reference point and the measuring 
point can be written in the microcomputer. The data 
can be written in the microcomputer whenever the disc 
10 makes one complete revolution. Accordingly, the 
microcomputer can compute the amount of deviation of 
each data point. The device may be so designed that, if 
the amount of deviation is over a predetermined value, 

O 

15 

20 

25 

30 

35 

45 

50 

the display of the measured value is stopped. That is, if 55 
the arm 30 setting is unstable, then the amount of devia 
tion of the data is large. In this case, the measured value 
is low in reliability, and accordingly it is undesirable to 
display the measured value. Thus, the device may be so 
designed that, when the amount of deviation of the data 
which is provided every revolution of the disc 10 is 
more than the predetermined value, the measured value 
is not displayed. 
The invention has been described with reference to 

the case where the angle A is measured. However, as in 
the case of the angle A, the angle B may be measured, 
and the average angle of the angles A and B obtained to 
eliminate the eccentric error. 
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As is apparent from the above description, the angle 

measuring device operating without the graduated 
board according to the invention has a merit that when 
an angle to be measured is about 0, the measured value 
is accurate. 

FIG. 12 is an explanatory diagram showing the ar 
rangement of yet another embodiment of an angle mea 
suring device according to the invention. The device 
has a rotary disc 10, a reference point 21, and an angle 
measuring arm 30 which are the same as those in the 
conventional device shown in FIGS. 1 and 2. In addi 
tion, the definitions of the reference point pulse and the 
measuring point pulse are the same as those used in the 
description of the conventional device. 
The device of this embodiment of the invention has a 

first time detecting unit 80A for detecting a first time 
between the rise of the reference point pulse and the rise 
of the measuring point pulse, and a second time detect 
ing unit 80B for detecting a second time between the fall 
of the reference point pulse and the fall of the measuring 
point pulse. 
The device further includes an average value calcula 

tor 90 for calculating the average time of the first and 
second times, a one-revolution-time detector 60 for 
detecting a time required for the disc 10 to make one 
revolution, and an arithmetic unit for multiplying the 
ratio of the average time to a one-revolution time of the 
disc 10 by 360°. - 
FIG. 13 is a circuit diagram showing a specific exam 

ple of the embodiment shown in the FIG. 12. A first and 
second time detecting unit 80 performs the function of 
the first time detecting unit 80A and the function of the 
second time detecting unit 80B. A multiplexer is 
switched to apply the reference point pulse and the 
measuring point pulse directly or to apply these pulses 
through respective inverters 81 and 82. The switching is 
suitably controlled by a microcomputer 84. The state of 
a D-type flip-flop 85 is changed by the rise of the pulse 
applied through the multiplexer 85. The output pulse of 
the flip-flop 85 is an angle measuring pulse. During the 
duration of the angle measuring pulse, a clock pulse 
from an oscillator circuit 103 is outputted through an 
AND gate 86. The output pulses are counted by a 
counter 87. An average value calculating circuit oper 
ates to calculate the average value of the first time T1 
and the second T2 which are provided by the detecting 
unit 80. 
AJ-K flip-flop 101 changes state (i.e., to frequency 

divide the reference point pulse signal) whenever the 
reference point pulse is applied thereto. The J-K flip 
flop 101 provides a one-revolution time pulse for the 
period of time between the rise of a reference point 
pulse and the rise of the following reference point pulse. 
An AND gate 102 operates to pass the clock pulse 
signal outputted by the oscillator circuit 103 during the 
duration of the one-revolution time pulse. The clock 
pulse thus passed is counted by a counter 014. 
An arithmetic circuit 111 operates to multiply the 

ratio of an average time provided by the average value 
calculating circuit 91 to the one-revolution time by 
360'. 
The operation of the device thus constructed will be 

described. It is assumed that the reference point pulse 
and the measuring point pulse are generated with a 
timing as shown in FIG. 14. 
When, after the first reference point pulse has been 

produced, the measuring point pulse is provided subse 
quent to the first reference pulse, and the multiplexer 
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delivers these pulses directly (without inversion) under 
control of the microcomputer 84. As a result, the D 
type flip-flop 85 generates a measuring angle pulse, the 
duration of which is the first time T1. During the period 
of time for which the measuring angie pulse is available, 
the counter 87 counts the clock pulses. 
When, after the second reference point pulse has been 

produced, the measuring point pulse is generated subse 
quent to the second reference point, the multiplexer 83 
operates to deliver pulses the polarities of which have 
been inverted by the inverters 81 and 82. As these pulses 
are applied to the D-type flip-flop 85, the latter pro 
duces a measuring angle pulse the duration of which is 
the second time T2. During the period of time for which 
the measuring angle pulse is available, the counter 87 
counts the clock pulses. In the average value calculating 
circuit 91, the two count values are added to each other, 
and the result of addition is divided by two. 

In FIG. 14, the angle measuring pulses are shown 
separately for convenience in description; however, it 
should be noted that in practice they should be on one 
and the same time axis. 
The reference point pulse is subjected to one-half 

frequency division by the J-K flip-flop 101, thus becom 
ing a one-revolution-time pulse, the duration of which is 
the one-revolution time T3. During this one-revolution 
time, the counter 104 counts the clock pulses. 

In the arithmetic circuit 111, the average time 
(T1-T2)/2) outputted by the average value calculat 
ing circuit 51 is divided by the one-revolution time T3 
outputted by the counter 84, and the result of division is 
multiplied by 360 to obtain the angle 6. 

Since the average time of the first time T1 and the 

10 

15 

25 

30 

second time T2 is obtained as described above, even if 35 
the center of rotation of the disc 10 is shifted from the 
center of rotation of the angle measuring arm 30, no 
eccentric error is included in the measured angle. 

In the example shown in FIG. 13, the first time de 
tecting unit and the second time detecting unit are com 
bined into one circuit. However, they may be provided 
separately. That is, two circuits each including a D-type 
flip-flop (85), AND gate (86) and counter (87) may be 
provided. In this case, one of the two circuits is used as 
the first time detecting circuit and the other as the sec 
ond time detecting circuit. 

In the above-described example, the one-revolution 
time T3 is detected. However, in the case where the 
motor is very stable, the angle can be measured by a 
method in which only the first and second times T1 and 
T2 are measured and the results of measurements are 
entered into the above-described expression. 
As is apparent from the above description, the angle 

measuring device according to this embodiment, which 
uses no graduated board, has an effect that, even if the 
center of rotation of the rotary disc does not coincide 
with the center of rotation of the angle measuring arm, 
the measured angle includes no eccentric error. 
What is claimed is: 

... An angle measuring device comprising: 
a disc rotating at a constant speed; 
a reference point provided for said disc, said refer 
ence point being fixedly secured a housing; 

a reference region including said reference point; 
an angle measuring arm concentric with said disc and 

rotatable; 
first and second measuring points provided on said 
arm in such a manner that said first and second 
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measuring points are positioed symmetrically with 
respect to the center of rotation of said arm; 

arithmetic means for multiplying a ratio of an angle 
measuring time required for said disc to turn from 
said reference point to said first or second measur 
ing point to a one-revolution time required for said 
disc to make one complete rotation through 360; 

determining means for determining whether or not 
said first measuring point is in said reference re 
gion; 

change-over means for switching measuring opera 
tions in such a manner that when said first measur 
ing point is in said refernce region a period of time 
required for said disc to turn from said reference 
point to said second measuring point is measured 
and when said first measuring point is out of said 
reference region a period of time required for said 
disc to turn from said reference point to said first 
measuring point is measured; and 

measured angle correcting means for subtracting 180 
from a measured angle when said first measuring 
point is in said reference region. 

2. The angle measuring device as claim in claim 1, 
further comprising: 

angle measuring time integrating means of integrating 
data corresponding to said angle measuring time 
every revolution of said disc; 

one-revolution-time integrating means for integrating 
data corresponding to said one revolution time 
every revolution of said disc; 

arithmetic means for computing a measured angle 
according to a ratio of the integration value of said 
angle measuring time to the integration value of 
said one revolution time after said disc has made a 
predetermined number of revolutions. 

3. The angle measuring device as claimed in claim 1, 
wherein said arithmetic means, said determining means, 
said change-over means and said measured angle cor 
recting means operate when said disc has made one 
revolution. 

4. In an angle measuring device which includes a disc 
having a slit and rotating at a constant speed, a refer 
ence point provided for said disc fixedly secured to a 
housing, an angle measuring arm substantially concen 
tric with said disc and rotatable, and a measuring point 
on said angle measuring arm, and in which a reference 
point pulse is produced when said slit of said disc passes 
through said reference point and a measuring point 
pulse is generated when said slit of said disc passes 
through said measuring point, the improvement con 
prising: 

first time detecting means for detecting a first time 
which elapses from the rise of said reference point 
pulse until the rise of said measuring point pulse; 

second time detecting means for detecting a second 
time which elapses from the fall of said reference 
point pulse until the fall of said measuring point 
pulse; 

average value calculating means for calculating an 
average time of said first and second times; 

one-revolution-time detecting means for detecting a 
period of time required for said disc to make one 
revolution; and 

arithmetic means for multiplying a ratio of said aver 
age time to said period of time required for said 
disc to make one complete revolution through 
360, 
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5. The angle measuring device as claimed in claim 4, measuring point pulse the polarities of which have 
wherein said first and second time detecting means been inverted; and 
comprise: a circuit for generating an angle measuring pulse 
means for inverting polarities of said reference point i t . first 8d d E. p 

pulse and said measuring point pulse; 5 corresponding to said first and second times ac 
change-over means for selectively outputting said cording to output signals of said change-over 

reference point pulse and said measuring point eaS. 
pulse directly or said referece point pulse and said k k 
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